Introduction
Solar tides are major aeronomic features of the earth's upper atmosphere (Chapman and Lindzen, 1970) , but their effects in the troposphere are more subtle and have received far less attention from geophysicists and atmospheric scientists. The development and deployment of vertically-pointing, continuously-operating pulsed Doppler wind profiling radars provides a new tool that may be applied to the observation of tides in the lower atmosphere. These instruments provide vertical profiles of winds that are averaged over 1-h in a fixed atmospheric volume, and provide much better time resolution than has been available until now for the observation of semidiurnal wind systems. In this paper, we use observations from three radar profilers to determine semidiurnal tropospheric tidal characteristics at mid-latitude sites in North America.
Radar Profilers and Data Analysis
Pulsed Doppler radar wind profilers are now in widespread use in the U.S., having been developed in the 1980s for meteorological applications by the National Oceanic and Atmospheric Administration's Aeronomy and Wave Propagation Laboratories. Wind profilers and their operating characteristics have been described by Doviak and Zrnic (1984) and data processing procedures have been described by Strauch et al. (1984) . The data used in this paper are vertical profiles of hour-averaged horizontal winds within fixed vertical layers or "range gates" from continuously operating, unattended, three-beam 404-MHz radar wind profilers operated in the high-altitude, coarse range resolution mode. Data are hour averages over 250-m range gates beginning with the layer centered at 500 m AGL. Because radar beam scattering from migrating birds is known to contaminate radar profiler wind data (Wilczak et al., 1995) , we have focused our analyses entirely on the winter season when migrations are at a minimum. The profiler locations and periods of record are provided in Table 1 The basic data set at each site is composed of the time series of hourly wind vectors at each range gate for the entire period of record. The first step in the analysis was to produce a 
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Conclusions
A climatological analysis of hourly data from radar wind profilers at three sites in North America has identified a semidiurnal wind system in the mid-latitude troposphere. The wind system can be identified by first computing mean vector winds over the period of record for each hour of the day at individual radar range gates, and then performing harmonic analyses of the 24 wind components at each range gate. This procedure filters out nonharmonic oscillations such as those produced by traveling synoptic weather disturbances and does not require the original time series to be continuous (i.e., some missing data are allowed).
Because the semidiurnal wind system is seen at all sites, is regular, follows the apparent motion of the sun, turns clockwise with time, and has the approximate phases predicted by a dynamic model driven by the well-known semidiurnal tidal pressure gradient observed over the earth's surface, it is identified as a semidiurnal atmospheric solar tide. The tidal amplitude of 0.2-0.3 m/s at the top of the frictional boundary layer agrees with the predicted amplitudes there, but the observations show that this amplitude increases with height to attain 0.5-0.7 m/s at 5-7 km. At the 5-7 km heights, the observed amplitudes exceed tidal model predictions and equatorial site observations by more than a factor of two. The tidal phases are consistent from site to site and change little with altitude at the three sites investigated.
We plan to conduct further analyses of the variation of tidal characteristics with height, location, and season using additional 915-, 404-, and 50-MHz radar profilers and longer periods of record.
